SUMMARY We examined the ability of the mucus layer adherent to isolated pieces of rabbit gastric mucosa to maintain a pH gradient across it. Using antimony microelectrodes, a stable pH gradient was detected from pH 2 31 +004 on the luminal side to pH 7.26±0.15 (n=22) on the epithelial side of the mucus layer. The gradient was maintained for at least 60 minutes. A metabolic inhibitor, potassium cyanide, markedly reduced the tissues' ability to maintain this pH gradient, suggesting involvement of an active cellular process, probably that of bicarbonate secretion. These observations provide additional evidence in favour of a 'mucus-bicarbonate' barrier which may be of importance in protecting the underlying gastric mucosa.
The mechanisms by which gastric mucosa protects itself from high concentrations of intraluminal acid are uncertain. A hypothesis can be proposed which links the observations that surface epithelial cells secrete bicarbonate ionsl-3 and that gastric mucus significantly retards diffusion of ions across it.4 According to this hypothesis bicarbonate secreted by the epithelium will diffuse slowly through the mucus towards the lumen, while hydrogen ions will diffuse slowly in the opposite direction creating a pH gradient across adherent mucus. This proposal of a 'mucus-bicarbonate ' barrier, first postulated by Heatley,5 has never been confirmed experimentally and the aim of the present study was to examine this possibility directly in rabbit gastric mucus. value of greater than 8 was achieved further, progression of the probe was followed by a fall in pH to about 7.4. Presumably the probe had damaged, and possibly entered, the mucosa at this point. Using the glass microelectrode the PD measured across the mucus was less than 2 mV-that is, not significantly different from zero. Thus the potential difference measured by the antimony electrode could be safely attributed to the change in pH.
Methods
The pH gradient across mucus was maintained at a steady value for about an hour and then slowly deteriorated. Addition of potassium cyanide (10-2 M) markedly reduced the pH gradient to a mean of 2.6 ±0.26 pH units (n= 9) within 15 minutes.
Discussion
The existence of a pH gradient across the mucus layer adherent to gastric mucosa was first postulated by Heatley.5 He suggested that hydrogen ions would not reach the epithelial cell surface because they were separated from it by a finite layer of alkaline mucus. Recent studies would lend support to such a concept.7 Thus alkaline secretion by in vitro and in vivo gastric mucosa from amphibia and mammals has been demonstrated 1-3 (Rees et al., unpublished observations) and this has been shown to be an active process which is stimulated by 'cytoprotective' prostaglandins8 and inhibited by damaging agents such as aspirin3 and bile salts.9 In addition, pig gastric mucus has been shown to delay the rate of diffusion of hydrogen ions across it,4 which would fit it well for a role in maintaining a pH gradient. In the present study this hypothesis was tested directly with antimony electrodes and it was clear that such a gradient does exist, the pH immediately adjacent to the epithelial cells being near neutral and, in many instance, alkaline. The inhibition of this gradient with the metabolic inhibitor potassium cyanide suggests that the gradient was dependent on an active process, presumably related to bicarbonate secretion.
The use of antimony electrodes has been criticised because they may be subject to variations in response over small pH ranges.10 However, in the present studies, the range of pH in which we were interested was large and the behaviour of these electrodes was efficient over this range. The size of the electrode tip used here, greater than 10 ,um, is such that the tip was too large to enter individual epithelial cells and, if the tip did reach the epithelial layer, it was more likely to push the mucosa in front of it than go into it. In those instances where the micro pH tip appeared to enter the epithelium the pH fell to a value of about 7 from the maximum value in the mucus of greater than 8. We thus believe that the pH gradient measured was present within the mucus layer rather than in the epithelium. This view was supported by the observation that a search for a pH gradient on the serosal surface of mucosa mounted upside down revealed virtually no gradient.
The thickness of the 'mucus-bicarbonate' layer is uncertain, but our crude indirect estimates, taken from the distance travelled by the microelectrode to reach the maximum pH value, provided a figure of 0-338 to 1.058 mm. However, these figures are likely to be overestimates, as there would be some element of pushing the mucus layer, in front of the tip, involved in their determination. In any event there does appear to be a pH gradient across the mucus lining the gastric mucosa and this could well serve a role in protecting the mucosa from intra luminal acid. 
